Analysis of the DNA sequence upstream of the narQ gene, which encodes the second nitrate-responsive sensor-transmitter protein in Escherichia coli, revealed an open reading frame (ORF) whose product shows a high degree of similarity to a number of iron-sulfur proteins as well as to the ␤ subunit of glutamate synthase (gltD) of E. coli. This ORF, located at 53.0 min on the E. coli chromosome, is divergently transcribed and is separated by 206 bp from the narQ gene. Because of the small size of the intergenic region, we reasoned that the genes may be of related function and/or regulated in a similar fashion. An aegA-lacZ gene fusion was constructed and examined in vivo; aegA expression was induced 11-fold by anaerobiosis and repressed 5-fold by nitrate. This control was mediated by the fnr, narX, narQ, and narL gene products. Analysis of an aegA mutant indicated that the aegA gene product is not essential for cell respiration or fermentation or for the utilization of ammonium or the amino acids L-alanine, L-arginine, L-glutamic acid, glycine, and DL-serine as sole nitrogen sources. The ORF was designated aegA to reflect that it is an anaerobically expressed gene. The structural properties of the predicted AegA amino acid sequence and the regulation of aegA are discussed with regard to the possible function of aegA in E. coli.
A number of genes in Escherichia coli are expressed optimally under anaerobic growth conditions. These include the genes involved in anaerobic respiration or fermentation. While the roles of many of these genes are known (for a review, see reference 23), others are not (1, 13, 49) . Genes of the latter group were identified by several investigators who used lacZ operon fusion techniques to screen for genes that were optimally expressed under anaerobic cell growth conditions (1, 13, 49) . In E. coli, a large number of genes were identified by Winkelman and Clark (49) that are repressed by the presence of anaerobic electron acceptors, such as dimethyl sulfoxide (DMSO) and trimethylamine-N-oxide (TMAO). It was proposed that these genes encode fermentation-related enzymes. Choe and Reznikoff (13) identified nine anaerobically expressed genes (designated aeg) and studied their regulation. Their roles are unknown, but one, aeg-93, is proposed to encode a respiratory (formate-linked) nitrite reductase (46) . While the aeg genes are anaerobically expressed, they exhibit different patterns of control in fnr, narL, and rpoN strains (13) .
In this study, we report the identification of a new aeg locus, designated aegA, that is located upstream of the narQ regulatory gene (11, 12, 34) . To further investigate the role of the aegA locus, we physically mapped and DNA sequenced the locus. A strain with a mutation in this locus was constructed and tested for changes in growth requirements. We also examined the regulation of the aegA locus by constructing an aegAlacZ reporter fusion. It was found that expression of aegA is controlled by anaerobiosis and nitrate and that this regulation is mediated by the fnr, narXL, and narQ gene products.
MATERIALS AND METHODS
Bacterial strains, bacteriophages, and plasmids. The genotypes of the E. coli K-12 strains, bacteriophage, and plasmids used in this study are listed in Table 1 . Strain RC2 was constructed by introducing the ⌬narQ::kan allele into the MC4100 strain from strain RC1 via P1 transduction (43) . Strains TK204 (himA) and TK205 (arcA) were constructed by P1 transduction (43) of the respective mutations from SD1 (40) and PC35 (15) into MC4100 containing the aegA-lacZ fusion. Strain RCC537 contains a disruption of the aegA gene and was constructed by replacing the aegA gene in strain MC4100 with the aegA::kan construct from plasmid pMAKak1 by the method of Hamilton et al. (24) . Plasmid pMAKak1 contains a 1.7-kb BamHI kan gene cassette cloned in the BamHI site (within the third cysteine cluster) of the aegA gene previously introduced by site-directed mutagenesis (in pTK1). This insertion in strain RCC537 was verified by PCR analysis in which the PCR product from a reaction using RCC537 genomic DNA was 1.7 kb larger than that produced from MC4100 (31 and data not shown).
Media and cell growth. For strain manipulations and maintenance, cells were grown in Luria-Bertani (LB) broth or on solid media. For ␤-galactosidase assays, cells were grown in glucose minimal medium as previously described (15) . When indicated, nitrate was added at an initial concentration of 40 mM. To determine the ability of different nitrogenous compounds to serve as the sole nitrogen source for cell growth, cells from an overnight minimal-medium culture were washed and then overlaid on M9 plates lacking ammonium chloride (30) . Crystals of each nitrogen-containing compound were then placed at separate locations on the surface of a plate (five compounds per plate), and the plates were incubated at 37ЊC either aerobically or anaerobically. The aerobic plates were scored for growth or no growth around the crystals after 24 h, and the anaerobic plates were scored at 48 h. Chlorate resistance was tested with LB plates containing 20 mM sodium chlorate. These plates were scored for growth or no growth after 24 h of anaerobic incubation at 37ЊC. The GN Microplates (lot 909061) were from Biolog Inc., Hayward, Calif., and were used in accordance with the manufacturer's instructions.
Plasmid construction and DNA sequence analysis. Cloning procedures were performed in accordance with standard techniques. Plasmid pRCM2 was constructed by cloning a 5.5-kb SphI fragment from pRQ100 (11) into pGem7Zf Ϫ . A 2.0-kb XhoI-SphI fragment was then cloned from pRCM2 into pGem7Zf Ϫ to generate pRCM4. Plasmid pRCCaeg was constructed by cloning the 2.6-kb ClaI-SalI fragment of pTK1, containing the N-terminal region of the aegA gene, into pBR322. Plasmid pak1 was constructed by cloning a 1.7-kb BamHI kan gene cassette into the BamHI site in the N terminus of the aegA gene in pRCCaeg. Plasmid pMAKak1 was constructed by cloning the 4.3-kb SphI-KpnRI fragment of pak1 into the 6.2-kb SphI-KpnI fragment of pMAK705.
DNA sequencing was performed on the 2.7-kb region upstream of narQ by the dideoxy chain termination method of Sanger et al. (38) using Sequenase and double-stranded DNA templates derived from nested deletions of pRQ1000R and pRCM4. Nested deletions of pRQ1000R were generated as previously described (11) . Exonuclease deletions of pRCM4 were generated from the XhoI end, using SacI to produce a 3Ј overhang and ClaI to produce a 5Ј overhang. Deletions were generated by using a Promega Erase-A-Base Kit. After sequence was compiled from pRCM4 deletions, oligonucleotides were designed so that the complementary strand could be sequenced. Eleven 17mer oligonucleotides were synthesized on a Biosearch model 8700 DNA synthesizer and used for sequencing the insert in pRCM4 in the SphI-to-XhoI direction. Urea (7 M) denaturing polyacrylamide gels (5%) were used to separate the chain termination reaction products. The complete DNA sequence was determined for both strands. DNA sequence data were analyzed by computer with the University of Wisconsin Genetics Computer Group software package (17) . Protein homology was found by using the TFASTA and BLASTMAIL routines to search the latest versions of the GenBank database, and multiple sequence alignments were performed with the PILEUP routine.
Construction of an aegA-lacZ fusion. The aegA-lacZ plasmid pTK4 was constructed by cloning a 507-bp EcoRI-BamHI fragment from pTK1 (28b) into the pRS415 vector (44) . This generates an aegA-lacZ transcriptional fusion between the first 90 codons of aegA and the 9th codon of lacZ. The fusion junction was verified by double-stranded DNA sequence analysis (38) . This fusion was then transferred from pTK4 into the specialized lambda vector RZ5 and introduced into the chromosomes of MC4100, PC100, IS4, RC1, RC2, and LK4441 (Table  1 ) (29) . Single lysogens were isolated and stocked for subsequent study.
␤-Galactosidase assay. Cells were grown and assayed for ␤-galactosidase activity as previously described (29) . The ␤-galactosidase values represent the averages of the activities determined in at least four experiments with a variation of no more than 10% deviation from the mean.
Nucleotide sequence accession number. The nucleotide sequence of the 2.7-kb region (aeg locus) has been deposited in GenBank with the accession number L34011.
RESULTS AND DISCUSSION
DNA sequence analysis. During the analysis of the narQ gene (11) , an open reading frame (ORF) immediately upstream of narQ was identified and sequenced (Fig. 1) . The ORF was designated aegA as it was subsequently shown to be an anaerobically expressed gene (see below). It is physically located near narQ at 53.0 min on the E. coli linkage map (11, 12) . The aegA and narQ genes are divergently orientated, and their predicted translational start sites are 206 bp apart. The predicted translational start site for aegA is at an ATG codon in the sequence 5Ј-AAAAAAGAAGGTCGTTATG-3Ј, where the Shine-Dalgarno sequence and the start codon, respectively, are underlined. The putative translation product, AegA, is 652 amino acids in length and has a predicted molecular mass of 71.5 kDa.
The AegA protein has two distinct domains (Fig. 1 ). The sequence from the N-terminal methionine to alanine 162 is homologous to a number of iron-sulfur (Fe-S) protein sequences ( Fig. 2A) . The remainder of AegA, from methionine 181 to glycine 652, is homologous to GltD, the ␤ subunit of glutamate synthase (Fig. 2B) .
The Fe-S domain of AegA. The Fe-S domain of AegA is most similar to E. coli hydrogenase HydN (25, 50) and Proteus vulgaris ORFA (14), with 51% identity and 68% similarity. Other homologous proteins include the HycB subunit of the hydrogen lyase complex of E. coli (8) , the FdnH subunit of formate dehydrogenase-N (FdnGHI) of E. coli (6), ORF3 of E. coli bacterioferritin-associated protein (2) , and the carbon monoxide dehydrogenase subunit CooF of Rhodospirillum rubrum (28) . The most striking features of the Fe-S proteins are the four sets of four cysteine clusters (marked by arrowheads in Fig. 2A ). Using the MOTIFS routine, we identified one 4Fe-4S ferredoxin-like iron-sulfur binding motif at the first and third cysteine clusters ( Fig. 2A) . While the functions of P. vulgaris ORFA and E. coli bacterioferritin-associated protein have not been determined, the E. coli formate hydrogenlyase complex subunit HycB, the E. coli nitrate-dependent formate dehydrogenase subunit FdnH, and the R. rubrum Fe-S protein CooF are all associated with oxidoreductase activities. It has been proposed that FdnH coordinates four 4Fe-4S centers and mediates electron transfer between the other two subunits of formate dehydrogenase, FdnG and FdnI (6) . In R. rubrum, the CooF protein participates in electron transfer from carbon monoxide dehydrogenase to the carbon monoxide-induced hydrogenase (19) . It is interesting to note that while four potential Fe-S motifs exist in all the Fe-S proteins listed in Fig. 2A , only four Fe atoms were detected in purified CooF (19) . Regardless of the number of coordinated Fe-S centers in AegA, it is likely that the Fe-S domain is involved in electron transfer. In addition, E. coli DmsB and NarH, the ␤ subunits of TMAO/DMSO reductase and nitrate reductase, respectively, each also contains four cysteine-coordinated Fe-S centers, which are essential for proper enzymatic activity (3, 37) . These two proteins belong to two operons, transcriptionally regulated by Fnr and NarL (23, 46) , which subsequently were also found to be involved in regulation of aegA expression ( Table 2) .
The glutamate synthase domain of AegA. The C-terminal two-thirds of AegA is 53% identical and 67% similar to the published E. coli GltD sequence (32) . The similarity could possibly be higher if there are two frameshift errors in the gltD sequence. We identified these proposed errors when using the TFASTA routine, which searches all six possible reading frames of test sequences. Two regions of GltD show much higher identity with AegA when translated in a frame other than the indicated coding frame. Assuming that the changes are correct, AegA is actually 60% identical and 73% similar to E. coli GltD.
All of the proteins shown in Fig. 2B , AegA, E. coli GltD, Azospirillum brasilense GltD, and Medicago sativa GOGAT, have two occurrences of the motif GXGXXG/A (indicated by asterisks in Fig. 2B ), which is indicative of adenylate binding (42, 48) . The presence of a G instead of an A in the last position of the motif is typical of NAD(H) binding proteins rather than NADP(H) binding proteins (42) . In support of these predictions, the M. sativa GOGAT has a GXGXXG motif in the second adenylate binding domain and is NADH dependent, whereas E. coli and A. brasilense glutamate synthases have the GXGXXA motif and are NADPH dependent (21, 47) . The AegA protein sequence has a GXGXXA motif and therefore probably binds NADPH, like other bacterial glutamate synthases. In addition to NAD(P)H binding motifs, there is a sequence, TX 4 I/VFAGGD (indicated by an overline in Fig. 2B ), which fits the consensus sequence for flavin adenine dinucleotide (FAD) binding proteins (18) , that is present in E. coli GltD, A. brasilense GltD, and M. sativa GOGAT but not in AegA. The complete absence of this sequence in AegA suggests that it does not bind FAD and is unique in this regard compared with the glutamate synthase proteins.
There are two potential Fe-S clusters within the glutamate synthase domain of AegA which are distinct from those found in the Fe-S domain located at the N-terminal end of AegA ( Fig. 1 and 2B ). Iron-sulfur centers are also found in the other glutamate synthase ␤ subunits (Fig. 2B) as well as in the larger ␣ subunits (21, 32, 33) . In the glutamate synthase complex of A. brasilense, three distinct Fe-S centers have been identified (47) . It has been proposed that reduction of NADPH occurs at a flavin site, followed by electron transfer through the Fe-S centers to a second flavin site where glutamate is produced (47) . Without knowing the biochemical function of AegA, it is difficult to speculate on the role of the Fe-S centers; however, it is likely that they are involved in electron transfer.
The ORF downstream of aegA. A second ORF, ORF2, begins 87 bp downstream of aegA, and we have determined the first 157 codons of its sequence (Fig. 1) . The predicted start site of translation for ORF2 is at an ATG codon in the sequence 5Ј-TGTGGAGTCGGTATG-3Ј, where the Shine-Dalgarno sequence and the putative start codon are underlined. The Nterminal 157 amino acid residues of ORF2 do not show significant similarity to any sequence listed in the current databases. However, using the CODONPREFERENCE routine, we determined that the codon usage for ORF2 is typical of E. coli proteins, and we therefore predict that ORF2 is translated in E. coli. No typical transcription terminators were identified in the intergenic region between aegA and ORF2, and it is possible that the two genes are cotranscribed as an operon.
Growth analysis of an aegA mutant. To elucidate the function of the aegA gene, we constructed a disrupted aegA mutant (strain RCC537) and assayed its viability on growth media with a variety of sole nitrogen sources. The aegA mutant could grow as well as the wild type (strain MC4100) aerobically and anaerobically on LB plates or on minimal medium supplemented with glucose (i.e., fermentative conditions). Under aerobic and anaerobic conditions, the mutant was able to grow utilizing ammonium, L-alanine, L-arginine, L-glutamic acid, glycine, or FIG. 1. Restriction map of the narQ, aegA, and orf2 gene regions and the construction of an aegA-lacZ fusion. Restriction enzyme sites are shown for a 2,755-bp EcoRI-XhoI fragment. The DNA sequence of the fragment has been assigned GenBank accession number L34011. The restriction sites in parentheses were introduced by site-directed mutagenesis. The gene aegA has two distinct domains. The N-terminal one-third is similar to a number of iron-sulfur proteins, and the remaining two-thirds is similar to the ␤ subunit of glutamate synthase (GltD). The 507-bp EcoRI-BamHI fragment was used to construct the aegA-lacZ transcriptional fusion that is present in TK4. The hatched regions indicate the locations of FeS clusters described in the text.
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FIG. 2. (A)
Amino acid alignment of residue 1 to 180 of AegA with Fe-S proteins. The E. coli Fe-S protein (Ec AegA [this work]) is 42% identical and 61% similar to the E. coli hydrogenase subunit of the formate hydrogenlyase complex (Ec HycB [8] ), 43% identical and 58% similar to E. coli bacterioferritin-associated protein (Ec orf3 [2] ), 51% identical and 67% similar to the E. coli hydrogenase subunit (Ec HydN [25, 50] ), 51% identical and 68% similar to P. vulgaris ORFA (Pv orfA [14] ), 38% identical and 60% similar to the R. rubrum carbon monoxide deydrogenase subunit (Rr CooF [28] ), and 28% identical and 50% similar to the E. coli nitrate-inducible formate dehydrogenase subunit (Ec FdnH [6] ). The closed boxes below the sequences indicate residues that are identical in all seven sequences, and the open boxes indicate residues that are identical in at least four of the sequences. The triangles above the sequences show the positions of cysteine residues that may be involved in coordinating Fe-S centers. (B) Amino acid alignment of AegA from residue 181 to 652 with glutamate synthase homologs. The AegA protein is 53% identical and 67% similar to the E. coli glutamate synthase subunit (Ec GltD [32] ), 41% identical and 59% similar to the A. brasilense glutamate synthase subunit (Ab GltD [33] ), and 34% identical and 54% similar to M. sativa (alfalfa) glutamate synthase (Ms GOGAT [21] ). Closed boxes and triangles are defined as described for panel. Open boxes indicate residues that are identical in three of the four sequences, and asterisks above the sequence indicate amino acid residues conserved in the consensus sequence GXGXXG/A for adenylate binding proteins (42, 48) . The overlined region is a possible FAD binding region, where TX 4 I/VFAGGD conforms to the FAD binding consensus sequence (18) . DL-serine as the sole nitrogen source. Therefore, expression of aegA is not essential for utilization of any of these compounds as the sole nitrogen source.
Using Biolog Inc. GN Microplates, the aegA mutant was also tested for its ability to utilize various organic compounds as the sole carbon source. Comparison of the wild-type and aegA strains for the ability to utilize different organic compounds as the sole carbon source did not reveal any differences. Therefore, expression of aegA does not appear to be essential for the catabolism of any of the 44 organic compounds in the test matrix which tested positive for the wild-type strain.
In addition, to determine if the aegA gene product is essential for the synthesis of active nitrate reductase, the aegA mutant was tested for chlorate resistance under anaerobic conditions. The aegA mutant did not confer chlorate resistance.
Regulation of aegA expression: effect of anaerobiosis and anaerobic electron acceptors on aegA-lacZ expression. We constructed an aegA-lacZ transcriptional reporter fusion and determined the ␤-galactosidase activities of wild-type and mutant E. coli strains grown under various conditions. Under aerobic growth conditions in a wild-type strain, aegA-lacZ expression was very low (10 U) and was not altered by the presence of nitrate (Table 2 ). However, expression of aegA-lacZ was induced 12-fold (to 121 U) when cells were grown anaerobically. When cells were grown anaerobically in the presence of nitrate, aegA-lacZ expression was reduced by nearly fivefold. Therefore, the regulation of aegA-lacZ expression is similar to the expression of its upstream gene, narQ, which is induced fourfold by anaerobiosis and repressed twofold by nitrate (16) .
We also examined the effect of other terminal electron acceptors on aegA-lacZ expression in the wild-type strain (MC4100) since the DNA sequence analysis of the aegA locus suggested a potential role of the gene products in cellular respiration and/or in electron transfer reactions. When cells were grown anaerobically in minimal medium supplemented with nitrite, fumarate, DMSO, or TMAO, aegA-lacZ expression was essentially unchanged relative to that of cells grown anaerobically in medium without these electron acceptors (data not shown). Evidently, the only two electron acceptors that affect aegA-lacZ expression are oxygen and nitrate. These results suggest that AegA could be involved in fermentation since expression of many fermentative genes is minimal when cells are grown in the presence of the terminal electron acceptors oxygen and nitrate (23, 46) . However, the aegA mutant was able to grow anaerobically with glucose, and thus AegA is not essential for fermentation metabolism of this compound. In addition, we cannot rule out the possibility that aegA is involved in anaerobic respiration of some other compound(s), as terminal reductases, such as fumarate reductase, are also induced by anaerobiosis and repressed by nitrate (23, 46) .
To determine if the fnr, arcA, narQ, and narXL regulatory gene products, which are known to mediate anaerobic and nitrate control of many respiratory genes in E. coli (23, 34, 46) , have an effect on aegA-lacZ expression, we examined the regulation of aegA-lacZ expression in fnr, arcA, narQ, and narXL strains.
Effect of the fnr and arcA gene products on regulation of aegA-lacZ expression. The Fnr protein is an anaerobic regulator that is known to control the expression of genes involved in fermentation and anaerobic respiration in E. coli (for reviews, see references 23 and 45). Under aerobic growth conditions, expression of aegA-lacZ in an fnr strain was similar to that observed in the wild-type strain (Table 2) . However, the anaerobic activation of aegA-lacZ expression was nearly abolished in the fnr mutant. We also examined the effect of an arcA deletion on aegA-lacZ expression. ArcA is a regulator of respiratory genes encoding cytochromes o and d oxidases, as well as fermentative genes encoding pyruvate and L-lactate dehydrogenases (for a review, see reference 23). When cells were grown aerobically or anaerobically, expression in an arcA deletion strain was essentially the same as in the wild-type strain: ArcA does not appear to regulate expression of aegA (data not shown). These data indicate that Fnr mediates the anaerobic induction of aegA-lacZ expression but ArcA does not.
We inspected the intergenic region between aegA and narQ for an Fnr consensus binding site (45) . Although we did not find a complete Fnr site (TTGATX 4 ATCAA), we did identify a perfect half-site, 5Ј-TTGAT-3Ј, at position ϩ 133 relative to the predicted start site of translation of AegA. It is unknown whether aegA expression is induced directly, because of binding of Fnr to the aegA regulatory region, or whether the effect is indirect. Several attempts to locate the 5Ј start site of the aegA mRNA product were not productive (28a).
Regulation of aegA-lacZ expression by NarQ, NarX, and NarL. The NarQ, NarX, and NarL proteins are members of a two-component regulatory system that controls the transcription of anaerobic respiratory and fermentative genes in E. coli in response to nitrate availability (46) . In a narXL narQ tripledeletion strain, nitrate repression of aegA-lacZ expression was nearly abolished (Table 2) . However, in a narXL deletion strain, a residual 2.5-fold nitrate-dependent effect was still observed. This residual control may require the NarQ protein and the second nitrate response regulator, NarP. In a narQ deletion strain, aegA-lacZ expression was essentially the same as in the wild-type strain (Table 2) . Therefore, in the absence of NarQ, nitrate-dependent repression of aegA can be mediated by the NarX protein via the NarL and/or NarP protein, as seen for other genes in E. coli (11, 34, 46) . It is interesting that addition of nitrite to the culture medium did not alter aegAlacZ expression (data not shown).
Regulation of aegA-lacZ expression by molybdate availability. The role of molybdate in aegA-lacZ expression was examined in a modC (chlD) strain which is impaired for molybdate uptake (26) . In the modC strain grown anaerobically without nitrate, expression of aegA-lacZ was similar to that of the wild-type strain (Table 2) . However, when the modC strain was grown anaerobically with nitrate present, nitrate control was impaired (e.g., 1.4-fold compared with 5-fold for wild-type cells). This loss of anaerobic nitrate control observed when molybdate is limited is similar to that seen in the narXL narQ triple-mutant strain and may reflect the ability of the nitrate sensor NarX to respond to the availability of molybdate (27) . It is also possible that aegA-lacZ is directly regulated by a molybdate-dependent regulator, such as ModE (22) . Effect of formate and medium richness on aegA-lacZ expression. When we grew cells in a rich medium (LB) or in minimal medium supplemented with glucose (40 mM), expression of aegA-lacZ was essentially unchanged (data not shown). Furthermore, if glucose was replaced with 40 mM formate, the same levels of aegA-lacZ expression were observed (data not shown). The results of aegA-lacZ expression in the presence of formate were of interest because it was conceivable that AegA might be involved in formate metabolism, as the sequence of the AegA Fe-S protein domain is similar to that of the HycB subunit of the formate hydrogenlyase complex (8) and to the FdnH subunit of formate dehydrogenase-N (6). The formate dehydrogenase-N gene is nitrate induced (6) , and the formate hydrogenlyase genes are formate induced (7, 36) . In view of the lack of induction of aegA-lacZ by formate, as well as the observed repression by nitrate, it appears unlikely that aegA is involved in formate metabolism. Finally, expression of aegAlacZ also differs from that of the recently identified E. coli formate dehydrogenase-O genes (fdoGHI) which are expressed aerobically or anaerobically in the presence of nitrate (39) .
Is aegA-lacZ expression controlled by nitrogen availability? We proceeded to determine if aegA expression is nitrogen regulated by examining aegA-lacZ expression in an ntrC strain (YMC12 [4] ) or an ntrB(Con) strain (YMC15), in which there is constitutive activation of NtrC (10) . The NtrB and NtrC proteins comprise a nitrogen-responsive two-component regulatory system in enteric bacteria (for a review, see reference 35). The NtrC protein also activates expression of the nitrogen assimilatory control gene (nac) in Klebsiella aerogenes, which is known to regulate expression of glutamate synthase (5). It was suggested that the nac gene product is present in E. coli (5, 41) and that it probably has a similar function in gene regulation. By examining the expression of aegA-lacZ in an ntrC strain in comparison to that in an ntrB(Con) strain, we were able to determine whether aegA is regulated by nitrogen (either directly by NtrC or presumably by Nac). In cells grown aerobically or anaerobically, aegA-lacZ expression was essentially the same in both strains (data not shown). These data clearly indicate that aegA gene expression is not controlled by nitrogen in the same manner as in other nitrogen-regulated genes.
The leucine response regulatory protein (Lrp) is known to activate glutamate synthase expression in E. coli (20) . To determine if Lrp is required for aegA-lacZ expression, we lysogenized strain DL1784 (29a) with TK4. Under anaerobic growth conditions, expression from the ⌬lrp strain was similar to that from the parent (MC4100) strain (data not shown), indicating that Lrp has no role in aegA-lacZ expression under the conditions examined.
What is the role of aegA in E. coli? The expression of aegAlacZ is anaerobically induced and nitrate repressed. However, expression is unaffected by the presence of the alternative electron acceptors fumarate, TMAO, and DMSO. This regulation by Fnr and NarL is characteristic of the genes for the anaerobic terminal reductases of E. coli, such as fumarate reductase and TMAO/DMSO reductase (23) . However, it is not evident whether the aegA locus is involved in respiration or in fermentation. Genes for some of the fermentation enzymes are also controlled by oxygen and nitrate (23) .
A number of anaerobically expressed genes from E. coli were recently identified, and the regulation of transcriptional fusions to the genes was examined in fnr, narL, and rpoN strains (13) . The pattern of gene expression for the fusions varied when the strains were grown anaerobically in the absence or presence of electron acceptors. Furthermore, none of the genes reported by Choe and Reznikoff (13) had a pattern of expression like that of aegA-lacZ. No universal regulatory elements can be assigned to all of the aeg loci, although most of the fusions were regulated by Fnr to some degree. For example, the aeg-77 and aeg-99-lacZ fusions, like aegA-lacZ, are mildly regulated by Fnr, while the aeg-93-lacZ fusion is highly regulated by Fnr (13) . When the DNA sequences become available for the various aeg loci, it will be interesting to determine if there are similar DNA sequences within the regulatory regions of the aeg genes.
DNA sequence analysis of aegA enabled us to identify functional domains in the predicted protein sequence of AegA. It is clear that AegA is homologous to the ␤ subunit of glutamate synthase and therefore may possess similar activity or activities, such as binding 2-oxoglutarate and NADPH (for a review, see reference 35). Furthermore, by analyzing the predicted protein sequence for adenylate binding motifs, we can propose that AegA is NADPH dependent but FAD independent. Although we do not yet know the function of AegA, on the basis of the presence of several putative Fe-S centers, we propose that it is somehow involved in electron transport and/or anaerobic biosynthesis reactions that require an oxidation or reduction step.
